It has recently been shown1' 2 that crown-gall tumor cells, when freed of the original inciting agent, Phytomonas tumefaciens (Smith and Town.), Bergey, et al., are capable of autonomous development. The fact that these tumor cells when grown in vitro retain indefinitely their peculiar cultural and cytological characteristics as well as their tumor-inducing capacity in the absence of any demonstrable stimulating agent indicates that the host cells when acted upon by P. tumefaciens become permanently altered. They behave like malignant animal cells in that they (1) show uncontrolled growth in the initial host, (2) can be transplanted successfully to hosts of the same species from which they were derived or to closely related hosts and there continue their uncontrolled growth and (3) retain indefinitely their ability to produce tumors and to grow autonomously in vivo. The nature of the fundamental change which occurs in the cells is at present not known. However, a better understanding of the factor or combination of factors involved in tumor formation should be of aid in the clarification of the physiological basis for the development of this neoplastic growth.
In recent years a number of investigators have attempted to demonstrate a possible relationship between growth-stimulating substances and tumor development. Certain of these workers3' 4 5, 6 have drawn a parallel between the reaction of plant tissues treated with f3-indole acetic acid, a substance produced by the crown-gall organism from tryptophane, and the reaction of similar plant material inoculated with a living culture of Phytomonas tumefaciens. Although Riker and his associates7 have confirmed the experimental results of the above workers, they deny the importance of ,B-indole acetic acid or similar growth substances in tumor formation and conclude that, as far as they are aware,P. tumefaciens is pathogenic independently of these materials. Levine8 agrees with Riker and states that no evidence has thus far been adduced to show that the mechanism of tumor formation is due to the presence of ,B-indole acetic acid.
The (Fig. 1 (b) ). Available for comparative purposes was the A6 strain from which the attenuated A66 culture was derived. The A6 strain is highly virulent, as shown by its ability to incite the formation of massive galls at points of inoculation ( Fig. 1 (a) ). The following technique, successfully employed by us in the tissue transplantation experiments to be described later, was adopted after a number of preliminary experiments established its superiority over the common grafting procedures. With the aid of a sharp scalpel, two parallel incisions were made along the axis of the stem, usually well above the middle of the plant. The incisions were approximately 1/4 inch apart and 1 inch in length. By careful insertion of the scalpel blade between the two incisions, the epidermal strip, together with the subjacent cortical and phloem elements, was pried loose from the main body of the stem and the desired tumor tissue fragment was then placed in the space between the flap and the stem. The implanted tissue was wrapped securely with "Sterilastic" tape which was removed 12 to 14 days later. The successful development of the implant appeared to be dependent upon early and satisfactory vascularization between the host and the tissue fragment. Tissues inserted inside or outside the confines of the vascular ring failed to develop in the majority of cases.
Experimental Results.-The three growth-promoting substances used, a-naphthalene acetic acid, y-indole butyric acid and ,B-indole acetic acid were all found to have a pronounced stimulating effect causing the development of large tumors in plants that had been previously inoculated with the attenuated A66 culture. However, consistent differences in the degree of stimulation, rate of tumor development and morphology of the resulting tumor mass were exhibited by the growth-promoting substances. The stimulating action of 'y-indole butyric acid was usually observed somewhat earlier than that of a-naphthalene acetic acid. The latter, however, gave rise to tumors that most closely resembled those initiated and stimulated by the virulent A6 culture. These tumors were white in color and irregular in contour, while those produced with the aid of y-indole butyric acid were regular in contour and had a decidedly greenish tinge. In most instances the tumors stimulated by these two substances grew rapidly and became very large. figure 1 (d) .
The stimulatory effects of these growth substances on tumor development by the attenuated culture were not always evident even though conditions were favorable. Thus, under completely comparable conditions, tumors on some plants would be stimulated to further development while not on others. The explanation of this variability may involve differences in rate of diffusion of growth-promoting substances in different plants.
The action of a-naphthalene acetic acid, ,B-indole acetic acid and yindole butyric acid on tomato plants has been studied by many investigators in recent years. In our work as well as in the work of others it has been found that these substances in the concentrations commonly used are essentially root stimulants, although some hypertrophied and hyperplastic tissues are formed. The latter present a histological picture not unlike that of crown-gall tumor tissue. The hypertrophied and hyperplastic cells are, however, endowed with very limited powers of proliferation and continue to develop only as long as they are kept stimulated by the growth substances. We have never observed overgrowths to be produced on tomato plants even by repeated applications of these substances that are comparable either in size or rate of development to those produced by the crown-gall organism. Figure 1 (a) shows the typical reaction of a decapitated tomato stem which had received 3 applications of 1.0% of yindole butyric acid in lanolin. A limited amount of cellular proliferation has occurred at the cut surface where the growth substance was applied; below the cut surface there are found numerous root primordia which under humid conditions would develop into true roots. The action of a-naphthalene acetic acid and ,B-indole acetic acid on decapitated tomato stems is very similar.
The discovery that synthetic growth substances were able to stimulate the development of tumors by the attenuated culture strengthened our previous belief regarding the probable r6le of the host growth hormones in the development of these neoplastic growths. It had been observed that the removal of axillary shoots from decapitated tomato plants inoculated with the attenuated A66 culture frequently resulted in forcing the development of small adventitious buds on or in the proximity of the proliferating tissue. The further expansion and development of these buds were often accompanied by an expansion in the mass of the subjacent tumor tissue which increased at a tremendous rate and finally reached extremely large dimensions ( Fig. 2 (c) ). Because expanding buds are known to be a rich source of growth substances, it appears likely that the plant hormones secreted by the buds served as the stimulating agent in much the same manner as did the synthetic growth-promoting materials described above. No such stimulation was observed in those cases where the adventitious buds failed to develop. There is little question but that these "leafy galls" are composed largely of tumor tissue. Our evidence for this claim will be advanced in a later section.
The possibility that the application of the growth substances had significantly altered the degree of virulence of the attenuated culture was also investigated. Bacterial We have now successfully carried some of these tumors through 5 successive passages in tomato plants over a period of more than 6 months. These tumors have continued to develop at an undiminished rate throughout this period. Figure 3 (a) shows a typical third-generation tumor transplant after 4 weeks of development.
Additional bacterial isolations were made from these transplanted tumors to determine whether the degree of virulence of the attenuated culture had been in any way altered during the course of the experiments. It was found after testing several hundred isolates on tomato plants that no increase in virulence over that of the stock A66 culture had occurred. It seemed logical to assume, therefore, that the mere presence of these attenuated organisms in the tissues could not account for the rapid expansion of the transplanted fragments and that it must be the host cells themselves that had been altered to such a degree that they were now developing autonomously. This assumption was definitely established by our subsequent discovery that certain tissue fragments of the -y-indole butyric acid-stimulated tumors were entirely free of Phytomonas tumefaciens. Whether the bacteria had died out in these fragments or whether the rapidly developing tumor tissue had grown away from the bacteria is not known. The bacteria-free tissues have been carried through 3 transplant generations involving a period of more than 3 months. All attempts to denmonstrate the presence of the crown-gall bacteria in these FIGURE 3
(a) Typical third-generation implant (originally derived from an experimentally induced tumor, Fig. 1 (c) ) after 4 weeks of development. (b) Typical first-generation implants of tissue stimulated with growth-promoting substance (see Fig. 1 (d) (Fig. 3 (b) ). 
